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cell activities. Skin test positive adults living in hyperendemic areas who have no history of visceral leishmaniasis (VL) have T1 CD4+ T cell immunodominant responses against L. chagasi. The cytokines they secrete during anti-leishmania responses are a probable source of cytokines which inhibit the CD8+ Ts cells associated with VL. The ability of supernatants generated from peripheral blood mononuclear cells derived from skin test positive adults to reverse immune responses which appear to be mediated by CD8+ Ts cells was assessed in three sets of screening assays. The supernatants displayed three candidate factors. One, which could be explained by Leishmania antigens in the supernatant, decreased high endogenous IL-10 secretion characteristic of one class of VL patients. A second activity decreased high endogenous proliferation characteristic of the same class of patients without decreasing antigen specific proliferation. The third activity inhibited or killed CD8+ T cells but not CD4+ T cells. These activities might be useful in treating VL.
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Humans with a history of infection with Leishmania chagasi display a continuum of immune responses to the parasite. Subjects who have lived in hyperendemic areas for many years without clinically evident infections who have strong DTH+ responses against Leishmania are thought to have the strongest protective immune responses. They have the strongest Leishmania specific T1 CD4+ T cell responses (Holaday et al. 1993a ). Conversely, CD4+ T cells are depleted in visceral leishmaniasis (VL) patients especially in the spleen (Cenini et al. 1993 ). CD8+ T cells, but not CD4+ T cells, isolated from patients with VL inhibit Leishmania specific proliferation and IFN-g secretion while increasing (interleukin) IL-10 secretion when mixed with autologous peripheral blood mononuclear cells (PBMC) isolated after successful treatment (Holaday et al. 1993a ). CD4+ T cell lines cannot be isolated from acute VL patients until CD8+ T cells are removed by cell sorting. Patients who have been successfully treated for VL generally have more variable responses to L. chagasi antigens ranging from responses characteristic of acute patients to those of DTH+ adults (Holaday et al. 1993b) . Thus, the course of L. chagasi infections appears to be due to the balance between T1 CD4+ T cells and CD8+ T suppressor (Ts) cells. These findings are in agreement with those of Uyemura et al. (1993) who found both T1 CD4+ and T2 CD8+ T cells in human cutaneous Leishmania lesions.
Recent attempts to identify cytokines which might be useful in treating VL have focused on cytokines thought to maintain the balance between T1 and T2 CD4+ T cells in spite of the lack of evidence for a role for T2 CD4+ T cells in symptomatic human L. chagasi and L. donovani infections (Hsieh et al. 1993 , Manetti et al. 1993 , Carvalho et al. 1994 , Ghalib et al. 1995 . The current study is the first to focus on detecting cytokines which might maintain a T1 CD4+ T cell immunodominant response by inhibiting the CD8+ Ts cells associated with symptomatic human L. chagasi infections. Cytokines with this property might restore the ability of VL patients' immune systems to eradicate Leishmania infections.
Three different types of screening assays were done. Each one provided different information. Since DTH+ adults have the strongest T1 CD4+ T cell response against L. chagasi the cytokines they secrete during anti-leishmania responses are the most probable source of cytokines which inhibit the CD8+ Ts cells associated with VL. In the first set of assays supernatants generated by DTH+ adult PBMC in the presence (DS+A) or absence (DS-A) of L. chagasi antigens were tested for their ability to convert VL patient PBMC responses thought to be mediated by CD8+ Ts cells, that is, to decrease IL-10 secretion, increase IFN-g secretion, or increase Leishmania specific proliferation. The effects of DS+A were compared to those of IL-12 and anti-IL-10 which are thought to favor T1 CD4+ T cell activity over T2 CD4+ T cell activity (Hsieh et al. 1993 , Manetti et al. 1993 , Carvalho et al. 1994 , Ghalib et al. 1995 . The second assay used a reconstitution assay to measure the ability of DS+A and IL-12 to prevent CD8+ Ts cell mediated changes in cytokine secretion and proliferation. The third set of assays directly tested the ability of a supernatant (CD4S) generated from Leishmania specific T1 CD4+ T cell lines derived from DTH+ adults to inhibit the growth of CD4+ and CD8+ T cell lines.
The three sets of assays identified three candidate activities, Leishmania antigens and two soluble factors. The assays also revealed the existence of two categories of VL patients, those with high and low levels of endogenous IL-10 secretion, which responded differently to immunomodulators.
MATERIALS AND METHODS
Human subjects -Subjects of the study were residents of the states of Ceará (CE), Piauí (PI), or Rio Grande do Norte (RN) in northeastern Brasil. DTH+ adults from a hyperendemic area near Itapipoca, CE, were selected as representative of people with strong protective immune responses against L. chagasi (Evans et al. 1992) . PBMC from five DTH+ adults (ages 16-64, mean = 33 years) with indurations of 17-25 mm measured 48 hr after intradermal injection of L. chagasi antigens were used to generate the DS-A and DS+A supernatants. Nineteen acute patients (ages 14-58, mean = 28 years) were self referred to Hospital São José or Hospital Walter Cantído in Fortaleza, CE; Santa Casa in Sobral, CE; Hospital Gizelda Trigueiro in Natal, RN and the Infectious Diseases Hospital of the Federal University of Piauí in Terezina; or were identified in field studies conducted by Fundação Nacional de Saúde. All diagnoses were confirmed by the presence of amastigotes in bone marrow aspirates. Patients, except P14 and P23, were successfully treated with pentavalent antimony (20 mg/ kg/day) for 20 days. P14 had been symptomatic for eight months prior to seeking treatment. She showed no signs of clinical improvement after nine days of treatment with allopurinol, so she was then successfully treated with pentavalent antimony as described above. Blood for this study was drawn from P14 after allopurinol treatment was completed but before pentavalent antimonial treatment had begun. P23 had multiple relapses during a one and a half year period in spite of treatment with pentavalent antimony, allopurinol and splenectomy. The studies reported here were made during combined pentavalent antimony/allopurinol treatment of P23. All assays of acute VL patient PBMC were performed during the seven month period of AprilOctober. P2 was successfully treated for VL in 1990 and has been free of kala azar symptoms since the end of treatment.
Parasite antigens -L. chagasi promastigotes were cultured in HOSMEM II medium containing 20% fetal calf serum, washed three times in PBS, harvested from stationary phase cultures by centrifugation, resuspended in PBS and lysed by sonication or repeated freeze thawing (Berens & Marr 1978 ). An aliquot of antigen suspension was assayed for protein content using a modification of the Lowry Rosebrough method (Dulley & Grieve 1975) . Antigens prepared in this way are not mitogenic to PBMC from non-immune subjects.
PBMC cultures and generation of DS+A and DS-A -Assays of distilled water produced by the still in the Núcleo de Medicina Tropical showed the water to be contaminated with endotoxin so neither the water nor glassware washed or rinsed in it were used to prepare or store the media used in these assays. All reagents and plasticware used in preparing the media or which came into contact with blood or PBMC were prescreened for endotoxin contamination by the manufacturers. Iscove's modified Dulbecco's medium and Hank's balanced salt solution were prepared with a single lot of Gibco (Grand Island, NY) sterile, filtered, endotoxin prescreened water in a biosafety cabinet. Media were prepared in newly unwrapped, sterile plasticware and stirred with newly unwrapped, sterile pipettes. All PBMC assays were performed with sera from a single bottle of fetal calf serum (Hyclone, Logan UT) and a single collection of human AB+ serum (collected from a healthy, fasting North American male donor). Media were filtered through 0.2 micron bottle top filters into sterile bottles which had contained Gibco water only moments before. Peripheral blood was collected by venipuncture. Mononuclear cells were separated by centrifugation at 200 g for 20 min at 20 o C over ficoll-hypaque. Cells were washed twice in Hank's balanced salt solution containing 0.25% bovine serum albumin. The washed cells were cultured at 3 x 10 6 cells/ml in Iscove's modified Dulbecco's medium supplemented with 10% fetal calf serum/10% human AB+ serum and containing antibiotic/antimycotic in the absence or presence of 20 mg/ml Leishmania antigens. Supernatants were collected on day 4, pooled, aliquotted and stored frozen prior to assay. Supernatants generated from DTH+ adult PBMC with or without L. chagasi antigens were designated DS+A and DS-A, respectively. DS+A contained 1.9 ng/ml IFN-g and 0.07 ng/ml IL-10. DS-A lacked measurable amounts of IFN-g but contained 0.07 ng/ml IL-10.
VL patients are anemic and leukopenic and the limited numbers of PBMC which could be collected from them prevented all assays from being performed with PBMC from each patient. PBMC from all 19 patients were assayed for proliferation but PBMC from only 12 patients were assayed for cytokine secretion. In addition, there were sufficient PBMC from only seven patients to allow testing of all the immunomodulators on proliferation and cytokine secretion. PBMC from P19 were collected and assayed twice, once three days after initiation of treatment and a second time 10 days after initiation of treatment (P19R).
Assays of the effects of immunomodulators on PBMC activities -In assays of PBMC from acute VL patients PBMC were cultured in triplicate, as described above. When immunomodulators were added to the cultures they were present at the following concentrations: rIL-12 50 U/ml (Genetics Institute, Cambridge, MA), anti-IL-10 30 mg/ml (DNAX, Palo Alto, CA) or 50% v/v DS-A or DS+A. When present, the CD8+ T cell lines were assayed at 2 x 10 5 /ml. In some assays DS+A was preincubated for 30 min at 37 o C with 100 NU/ml of polyclonal rabbit anti-human IL-12 (Genetics Institute) or 20 mg/ml monoclonal anti-IL-12 (Hoffmann-La Roche, Nutley, NJ) prior to addition to the PBMC. Supernatants were collected on day 4, pooled, aliquotted and stored frozen prior to assay. 3H-methyl thymidine (1.0 mCi/ml) was added to PBMC cultures on day 5 and the cells were harvested on day 6. The small quantities of DS+A and DS-A available, as well as unavailability of long term cultured T cell lines, prevented measurement of the effects of DS+A, DS-A, rIL-12, and anti-IL-10 on the growth kinetics of the T cell lines used in CD4S assays.
Maintenance of long term T cell cultures -Long term P2 polyclonal CD8+ T cell lines, P2A/8/10/ 90 and P2A/8/1/91, polyclonal CD4+ T cell line, P2A/4/10/90, and monoclonal CD4+ T cell line, P2A/4/1 were established from PBMC collected from P2 in 1990 during treatment for VL, as previously described (Holaday et al. 1993a ). Similarly, P2 monoclonal CD8+ T cell lines, P2R/8/52 and P2R/8/53 were established from PBMC collected from P2 after successful treatment. DTH+ adult Leishmania specific T1 CD4+ monoclonal T cell line, D4/46, and others used to generate CD4S (described below) were established from two DTH+ adults in 1990. All cell lines were stored frozen in liquid nitrogen. The T cells were thawed and expanded by stimulation with 5 mg/ml of PHA (Sigma Chemical Co, St. Louis, MO) in the presence of 25 U/ml rIL-2 (Cetus, Emeryville, CA), 10 6 /ml inactivated allogeneic PBMC and 10 5 /ml inactivated JY cells once per three weeks (Yssel et al. 1984) . Allogeneic PBMC and JY were inactivated by exposure to 50 mg/ml mitomycin c for 45 min, three washes to remove the mitomycin c, and exposure to 2000r g-irradiation.
IL-10 and IFN-g immunoenzymetric ELISA -The levels of IL-10 in the supernatants were determined using commercially available monoclonal anti-human IL-10, anti-human IL-10-biotin, rhIL-10 (Pharmingen, San Diego, CA) and extravidin peroxidase (Sigma) according to Pharmingen's procedure. This ELISA is sensitive to 20 pg/ml. IFN-g was measured using a commercially available human IFN-g ELISA kit (Genzyme, Cambridge, MA). The kit is sensitive to at least 100 pg/ml.
Production and assay of CD4S -Leishmania specific CD4+ T1 T cell clones isolated from two DTH+ adults and tested for Leishmania specificity, as previously described, were stimulated with PHA, allogeneic PBMC, JY and rIL-2 as described above (Holaday et al. 1993a ). Supernatants were collected 72 hr later, pooled and stored frozen prior to use. The levels of PHA and IL-2 remaining in CD4S were not mitogenic for PBMC. A small quantity of supernatant generated from the same CD4+ T cell clones by Leishmania antigen stimulation was also available for assay. The effects of CD4S on the kinetics of growth of CD4+ and CD8+ T cell lines was assessed by stimulating T cells with PHA in the presence or absence of 50% v/v CD4S. To eliminate the possibility that the effects of CD4S on T cell lines might be enhanced by insufficient IL-2 the effects of doubling the concentration of IL-2 in CD4S assays was tested. Since DS+A is known to contain IFN-g, lymphotoxin and tumor necrosis factor-a, the effect of neutralizing antibodies specific for IFN-g (30 mg/ml, DNAX, Palo Alto, CA), lymphotoxin or tumor necrosis factora (4000 NU/ml), (Genentech, South San Francisco, CA) on CD4S activity was also determined. Half of the medium was removed twice per week and fresh medium, rIL-2, CD4S and antibody were added back to maintain the starting concentrations. After each week aliquots of the cells were counted and viability was assessed by trypan blue exclusion. Tests were carried out on a polyclonal CD4+ T cell line (P2A/4/10/90), a CD4+ clone derived from this line (P2A/4/1), a CD4+ clone from a DTH+ adult (D4/46), a polyclonal CD8+ T cell line derived from P2 during treatment (P2A/8/10/ 90) and two CD8+ clones (P2R/8/52 and P2R/8/ 53) derived after P2 had completed chemotherapy. CD4S assays were performed in the U.S. where PBMC from acute VL patients were unavailable and insufficient quantities of CD4S were available to measure the effects of CD4S on activities of acute VL patient PBMC.
Statistical analysis -The statistical significance of differences between means was determined by t tests. A probability < 0.05 was considered to be significant.
RESULTS
Assay 1 -Effects of immunomodulators on PBMC responses characteristic of VL
Existence of two categories of VL patients -PBMC from VL patients could be placed in two groups, based on their level of endogenous IL-10 secretion, which responded differently to immunomodulators. PBMC displaying low levels (7 of 13 assays) had an IL-10 secretion mean of 0.07 ± 0.06 ng/ml and 0 ± 0 ng/ml of IFN-g (Table I ). PBMC displaying high levels of endogenous IL-10 secretion (6 of 13 assays) had an IL-10 secretion mean of 0.71 ± 0.21 ng/ml and 0 ± 0.01 ng/ml of IFN-g (Table II ). The probability of the high activity IL-10 values being sampled from the same population as the low activity group was only 8 x 10 -6 .
PBMC from DTH+ adult controls had relatively low levels of endogenous IL-10 secretion (mean = 0.07 ± 0.04 ng/ml), IFN-g secretion (mean = 0 ± 0), and proliferation (mean = 3,876 ± 1,904 cpm). Endogenous IL-10 and proliferation values were positively correlated (r = + 0.83). The y axis intercept of the regression line was 0.0 ng/ml IL-10 (Fig. 1) . DTH+ PBMC secreted 1.9 ± 0.5 ng/ml IFN-g and 0.07 ± 0.04 ng/ml IL-10 in response to antigen and had a mean proliferation SI of 11.8 ± 4.5.
Since levels of endogenous IL-10 secretion and proliferation were positively correlated in the DTH+ controls, PBMC from patients for whom only proliferation data were available were classified as having high or low activities by their level of endogenous proliferation. PBMC from patients with a mean endogenous 3H-thymidine incorporation rate less than 3,650 cpm (mean value for the low activity group + 2 SD), P15, P18, P21, P26 and P31, were placed in the low activity group ( Table III) . PBMC from patients with a mean endogenous 3H-thymidine incorporation rate greater than 5,225 cpm (mean value for the low activity group + 4 SD), P14 and P16, were placed in the high activity group (Table IV) . PBMC from the low activity group had a proliferation mean of 2,073 ± 788 cpm. These values were not correlated with endogenous IL-10 secretion (r = +0.15) but both variables were low compared to high activity group levels. PBMC in this group had a mean proliferation SI of 1.8 ± 1.1 (not including P18 PBMC which had an atypically high SI of 24). The endogenous proliferation mean for the high activity group was 12,922 ± 7,651; levels of endogenous IL-10 secretion and proliferation were correlated for this group (r = + 0.76). The y axis intercept of the regression line relating the two variables was 0.42 ng/ml IL-10 ( Fig. 1) .
Effects of immunomodulators on cytokine secretion by VL patient PBMC-The effects of Leishmania antigens, by themselves or as part of DS+A, on IL-10 secretion by acute VL patient PBMC were different in assays of high and low activity patients. PBMC in the low activity group did not show significant changes in IL-10 or IFN-g secretion in response to antigen alone. DS+A produced a small but significant increase in IL-10 secretion. IL-12 and anti-IL-10 caused small but significant increases in IFN-g secretion with or without antigen present. In contrast, PBMC in the high activity group overall secreted less IL-10 in response to antigen. DS+A caused changes similar to antigen alone. IL-12 had no consistent effect on IL-10 secretion except to decrease the effect of antigen on secretion. Antigen alone or in DS+A caused a very small but significant increase in IFN-g secretion. IL-12 caused a significant increase in IFN-g secretion with or without antigen present. Anti-IL-10 had no significant effect on IFN-g secretion.
Effects of immunomodulators on proliferation by VL patient PBMC -The immunomodulators also had different effects on proliferation in assays of PBMC with high and low endogenous activities. None of the immunomodulators had a significant effect on proliferation in the low activity assays (Table III) . DS+A alone decreased endogenous proliferation in assays of high activity PBMC producing a mean SI of 0.7 ± 0.3, significantly less than the SI for antigen alone, 1.4 ± 0.8 (p=0.04), or antigen plus DS+A, 2.3 ± 0.8, (p = 0.0001), (Table IV) . Anti-IL-10 significantly increased proliferation in response to antigen (p = 0.04). Pretreatment of DS+A with 100 NU/ml polyclonal or 20 mg/ml monoclonal anti-IL-12 did not reverse the effects of DS+A (data not shown). IL-12 alone did not have a consistent effect on proliferation. Stimulation of DTH+ adult control PBMC with DS+A increased endogenous proliferation (SI = 11.5 ± 3.1) by the same amount as antigen only (11.8 ± 4.5).
Assay 2 -Ability of immunomodulators to inhibit CD8+ Ts mediated changes in cytokine secretion and proliferation -The addition of CD8+ T cells isolated during acute phase VL to autologous PBMC collected after successful treatment has been shown to result in increased IL-10 secretion in the absence or presence of added Leishmania antigens (Holaday et al. 1993a ). The ability of DS+A and IL-12 to reverse this increase was tested (Table V) . PBMC collected from a VL patient (P2) three years after successful treatment secreted 0.10 ± 0.08 ng/ml IL-10 in the absence of antigen and 0.49 ± 0 ng/ml in the presence of antigen. Addition of the autologous CD8+ T cell line, P2A/8/1/ 91 to these PBMC increased IL-10 secretion to 1.42 ± 0.07 ng/ml in the absence of antigen. Addition of antigen decreased this high level two-fold, similar to the effect of antigen on endogenous IL-10 secretion by PBMC from high activity patients. Addition of DS+A alone increased PBMC IL-10 secretion by the same amount as antigen alone but prevented IL-10 secretion from increasing in response to the addition of CD8+ T cells twice as well as antigen alone. IL-12 increased IL-10 secretion in the absence of added antigen by about the same amount as the CD8+ T cells. The PBMC did not secrete IFN-g in any of the assays. CD8+ T cells inhibited antigen specific proliferation by about 50%. DS+A, but not IL-12, prevented the decrease (data not shown). Mean SI 1.4 ± 0.8 2.3 ± 0.8 0.7 ± 0.3 1.8 ± 1.0 1.6 ± 0.6 2.5 ± 1. Assay 3 -The effects of CD4S on the growth of CD4+ and CD8+ T cell lines -Pooled supernatant from Leishmania specific T1 CD4+ T cells (CD4S) had a differential effect on the growth of CD4+ and CD8+ T cell lines (Fig. 2) . CD4S did not affect the growth of CD8+ cells during the first week in culture, but CD8+ cells began to die during the second week of culture with CD4S and nearly all of them were dead by four weeks. Doubling the concentration of rIL-2 or adding neutralizing antibodies to INF-g, lymphotoxin or tumor necrosis factor-a did not abrogate this effect. In fact, extra rIL-2 inhibited CD8+ T cell proliferation during the first week of culture (Fig. 3) .
CD4S partially inhibited the growth of CD4+ T cell lines but did not result in cell death. The effect was completely abrogated by doubling the concentration of rIL-2 in the media to a final concentration of 50 U/ml (Fig. 3) . Experiments with a supernatant derived by antigen-stimulation of CD4+ T cell clones from the same two DTH+ adults produced similar changes in growth kinetics (data not shown).
DISCUSSION
An unexpected finding of this study was the discovery of two categories of VL patients, those with high and low levels of endogenous IL-10 secretion and proliferation, which responded differently to immunomodulators. These groups may correspond to groups of patients with high and low levels of serum IL-4 (Zwingenberger et al. 1990 , Holaday et al. 1993b ). The existence of groups of VL patients with high and low levels of endogenous IL-10 secretion has not been reported by other researchers who assayed PBMC at lower cell densities in less enriched media and at lower serum concentrations (Ghalib et al. 1993 , 1995 , Carvalho et al. 1994 . Ghalib et al. (1995) assayed PBMC which had been frozen prior to culturing so that any PBMC activities occurring when the cells were first isolated may have been terminated before the assays were performed. Patients in this study were adults (14-58, mean = 28 years) living in both endemic and epidemic areas, rather than only adults in epidemic areas or small children. As explained below, subjects without previous exposure to Leishmania might rarely produce immune responses like those in the high endogenous activity group. High endogenous activity PBMC patients have been observed by members of the Núcleo de Medicina Tropical since 1989 using different lots of sera. The most stringent conditions were used in the assays reported here to prevent endotoxin contamination as described in Materials and Methods and the same sera were used in all the assays. In addition, high endogenous activities were not observed in any of ten assays of PBMC from DTH+ adults which were performed using the same media. Thus, it is safe to assume that the high endogenous levels were not the result of endotoxin contamination or differences in sera.
Elevated endogenous values could be explained in part by Leishmania independent immune responses because poor, rural inhabitants of northeastern Brazil are usually infected with intestinal helminths and other pathogens but the highest values in this study were unique to VL patient PBMC. The high values may be correlated to disease progression, similar to the positive correlation between level of endogenous IL-10 secretion by PBMC and alveolar macrophages from HIV+ subjects and CDC staging (Barcellini et al. 1994 , Denis & Ghadirian 1994 . Criteria for comparable staging of VL patients are not available but the fact that P14 and P23, who had been symptomatic the longest and were not responding well to therapy, were among the high value patients supports this theory.
Alternatively, more than one type of immunopathology may lead to delevopment of VL, similar to the differences in immunopathology associated with lepromatous and tuberculoid forms of leprosy (Salgame et al. 1991) . For example, people who have never been exposed to L. chagasi, such as those infected during epidemics, might develop clinical symptoms because they failed to develop protective immunity fast enough. All seven of the patients who lived in areas experiencing epidemic outbreaks (P18, P21, P26, P27, P29, P30, and P31) were in the low activity group. Adults who develop clinical symptoms of VL only after years of residence in an endemic area and those who have recovered from VL but relapse or are reinfected presumably already have protective immunity but may have developed symptomatic infections when their immunity was compromised by concurrent infections, allergies, malnutrition or other causes. There is evidence to support this theory. P2 had T1 or mixed T1/T2 responses to Leishmania antigens in assays performed one year after successful treatment for VL but had T2 responses to the antigens three years after treatment (Table V) (Holaday et al. 1993a) . The T2 response occurred during a time when P2 suffered from undiagnosed gastrointestinal symptoms of more than two months duration. P2 also had some asthma symptoms during this time. A DTH+ adult, D4, who had a strong T1 CD4+ T cell response to Leishmania antigens in 1990 produced PBMC which had a high endogenous level of IL-10 secretion (0.41 ± 0 ng/ml) in 1992. Stimulation of the PBMC with Leishmania antigens reduced IL-10 secretion (0 ± 0 ng/ml) but failed to cause a measureable increase in IFN-g secretion. This atypical DTH+ adult response was similar to those of acute patients in the high activity group and occurred at a time when the subject had been ill of undiagnosed causes for at least one month. If P2 or D4 had been infected with L. chagasi at the time they had T2 responses they might have developed symptomatic infections. The occurence of T2 responses in a treated patient and a DTH+ adult during illness suggests that immune responses to L. chagasi vary along a continuum when the immune system responds to changing demands.
Several lines of evidence suggest that an increased frequency or activity of a PBMC subset is responsible for the high levels of endogenous IL-10 secretion, and by correlation, proliferation also. A comparison of the y axis intercept values of high activity VL patients (0.42 ng/ml IL-10) and DTH+ adult controls (0.0 ng/ml IL-10) demonstrates that high activity patient PBMC must have had an increased frequency of a PBMC subset or a subset in a different activation state than the DTH+ adult controls. Acute phase CD8+ T cells, but not CD4+ T cells, have been shown to mediate increased IL-10 secretion when mixed with autologous PBMC collected after successful treatment of VL in the presence or absence of added antigen (Table V) , (Holaday et al. 1993a ). In addition, preliminary experiments of CD8+ T cell depletion of VL patient PBMC have shown that depletion of CD8+ T cells ablates endogenous IL-10 secretion but not antigen specific IL-10 secretion (Holaday, unpublished observations) . An increased frequency of T2 CD8+ T cells has also been observed in some CDC stage IV AIDS patients (Maggi et al. 1994) .
Assays of the effects of immunomodulators on the activities of unfractionated PBMC detected two activities in DS+A which inhibited high endogenous activities of PBMC from VL patients. Leishmania antigens, by themselves or as part of DS+A, decreased high endogenous IL-10 secretion by VL patient PBMC. Similarly the antigens by themselves or as part of DS+A prevented the CD8+ T cell mediated IL-10 secretion increase from occurring in the P2 reconstitution assay. The ability of Leishmania antigens to lower IL-10 secretion is intriguing in light of reports of successful immunotherapy of cutaneous leishmaniasis with Leishmania antigens plus BCG (Convit et al. 1987 (Convit et al. , 1989 . The means by which Leishmania antigens decreased IL-10 secretion are not known. IL-12 did not decrease IL-10 secretion and reduced the inhibitory effects of antigen on IL-10 secretion. INF-g has been shown to decrease IL-10 secretion by monocytes and PBMC (Chomarat et al. 1993) . However, PBMC secretion of IFN-g in response to antigen stimulation does not appear to be responsible for the Leishmania antigens' effect on IL-10 secretion because PBMC secretion of IFN-g and IL-10 in response to antigen were not correlated in the high activity group of patients (r = +.06). Similarly, Karp et al found that levels of IL-10 and IFN-g mRNA in bone marrow of VL patients were not inversely correlated (Karp et al. 1993) .
A second DS+A activity decreased high endogenous proliferation without decreasing antigen specific responses, effectively increasing antigen specific proliferation. The effect of DS+A on proliferation cannot be explained by a "spent medium effect" because DS+A decreased endogenous proliferation only in assays of high activity VL patient PBMC. It increased endogenous proliferation in assays of low activity VL patient and DTH+ adult control PBMC. The identity of the factor(s) responsible for DS+A activity is not yet known but does not appear to include IL-12 or cytokines which act by reducing IL-10 secretion. If high endogenous proliferation was mediated by T2 CD4+ T cells the IFN-g present in DS+A might explain the ability of DS+A to lower proliferation (Gajewsky et al. 1988 ). However, IFN-g does not appear to have mediated the decrease in endogenous proliferation since a constant amount of IFN-g was present in the DS+A added to each culture but the amount of decrease in proliferation which occurred in response to DS+A varied. Also, the small but significant amount of IFN-g secreted in response to antigen did not decrease proliferation when antigen was added.
The data from the CD4S experiments show that a factor secreted by Leishmania specific T1 CD4+ T cells derived from DTH+ adults was toxic or inhibitory to CD8+ T cells but not to CD4+ T cells. The effect was not mediated by IFN-g, tumor necrosis factor-a, or lymphotoxin. The factor in CD4S is similar to that in DS+A in that it might decrease the number of CD8+ Ts cells relative to T1 CD4+ T cells. In fact the CD4S and DS+A factors might be the same. The CD4S data also suggest that the failure of DS+A to cause greater reduction in endogenous proliferation might be due to the fact that maximal inhibition or toxicity of the factors to CD8+ T cells occurred three-four weeks after exposure to the factors rather than during the first five days when the DS+A proliferation assays were performed.
The data provide new insights into how antileishmania responses might be regulated in humans (Fig. 4) . The model predicts that during L. chagasi infection Leishmania antigens prevent CD8+ Ts cells from secreting IL-10 and stimulate production of DS+A/CD4S factor(s) which decreases the number of CD8+Ts cells relative to T1 CD4+ T cells. Leishmania specific T1 CD4+ T cells can then eradicate the infection. The resulting lack of Leishmania antigens allows CD8+ Ts cells to increase in number and secrete more IL-10. The CD8+ Ts cells can then prevent over-expansion and excess activity of T1 CD4+ T cells from damaging the body and preventing other needed immune responses. Symptomatic infections occur when this immune regulatory cycle fails due to antagonistic demands on the immune system by concurrent infections, allergies, malnutrition, stress or other causes. The data suggest that Leishmania antigens and DS+A/CD4S factor(s) might be admistered to high activity patients to favor the development of T1 CD4+ T cell responses which could eradicate their infections.
antigens and the DS+A/CD4S factor(s) might be used to prevent these deaths. The same approach might be useful in treating other infections in which Ts or T2 CD8+ T cells are implicated in immunopathology, such as leprosy and AIDS. There is evidence to show that CD8+ Ts cells regulate T1 responses to other antigens in addition to L. chagasi antigens and that their activity is not always mediated by increased IL-10 secretion. Addition of acute phase CD8+ T cells to autologous PBMC isolated from P2 one year after successful treatment decreased IFN-g secretion to other antigens in addition to L. chagasi antigens. The CD8+ T cells decreased IFN-g secretion in response to Candida antigens from 2.23 ng/ml to 0 ng/ml and to tetanus toxoid antigens from 0.24 ng/ml to 0.06 ng/ml. There was no antigen specific cytokine response to tuberculin but the CD8+ Ts cells reduced the proliferation SI to tuberculin from 6.5 to 1.3. There was no measurable IL-10 secretion in the presence or absence of the antigens in any of these assays. The ability of CD8+ Ts cells to inhibit responses to other antigens might explain the anergy of VL patients to non-leishmania antigens and most of the mortality of VL patients which is due to secondary infections (Veress et al. 1977 , Aikat et al. 1979 , Ho et al. 1983 . Leishmania
